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Maoromolecular  synthases 
In  the  course  of  the  Germination 
of  Do  SUBTIUS  SPORES 


II.  -  Regulation 


by  G.  BAL6SSA  and  G.  CQNTESSE 


(Sorvioe  of  Miorobio  Physiology, 
Institute  of  Physico-Chemical  Biology,  Paris) 


INTRODUCTION 


In  a  previous  article  (5)  oytological  end  bio-chemical  events, 
characteristic  of  the  germination  of  spores  in  complex  medium,  were 
described,  klnetio  peculiarities  of  the  synthesis  of  ARN  end  of  proteins 
inoited  ua  to  specify  the  regulation  meohanisms  of  these  syntheses,  by 
studying  the  sffeot  of  amino  acids  on  the  one  hand,  of  ohlorampheniool 
on  the  other,  on  the  synthesis  of  these  macromolecules. 


MATERIAL  AND  METHODS 


The  rootstock  utilized  is  still  the  mutant  Ind-^g  af  the  Marburg 
rootstock  from  Becillus  subtilia.  The  preparation  of  spores,  the  complex 
medium  and  the  methods  utilized  were  described  elsewhere  (4,  5)*  The 
minimum  medium  of  germination  is  the  M  63  medium  (for  1  liter  1  KH^PO,  , 
13.6  g;  MggOr  7H2O,  0.2  gj  (NHjgSO.  2  g;  FeSO^  7^0,  0.005  S,  4 

a justed  to  pH  7*2  by  K0H) ,  completed  by  L-tryptophane  (50  ug/ml),  by 
L-alanine  (50  ug/ml),  and  after  sterilization,  by  glucose  (at  0.5  %)• 

In  certain  experiments  with  the  incorporation  of  uracil  or  of  radioactive 
valine,  these  non  marked  substances  were  added  from  the  beginning  of 
germination  (5  ug/ml  of  eaoh)  in  order  to  avoid  changing  the  composition 
of  the  medium  in  the  course  of  the  experiment.  For  the  incorporation  of 
32P,  the  concentration  was  reduced  from  it  to  10"^  M*  the  medium  being 
plugged  by  Trie  (10-2  M  to  pH  7*2). 

Several  mixtures  of  amino  acids  were  used.  One,  of  18  amino  acids, 
contained  all  of  the  amino  acids  except  the  two  already  present;  in  the 
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othar,  of  17  amino  acids,  valino  was  omitted,  finally  a  third,  of  9 
amino  acids,  contained i  arginine,  aspartate,  glutamate,  histidine, 
iaoleucine,  leuclno,  methionine,  phenylalanino  and  proline,  The  two 
first  ones  have  generally  always  been  added  for  10  ug/ml  of  each  amino 
acid,  the  last  one  for  20  ug/ml.  The  amino  aoidB  (L  shape,  for  analysis) 
originate  frcan  Sigma  or  from  Nutritional  Biochemioal  Co*  Chloramphenicol 
(Hoffmann-Leroohe)  was  utilized  at  a  concentration  of  100  ug/ml. 


RESULTS 

I, _ EFFECT  OF  AMINO  ACIDS  ON  GERMINATION 

1  GERMINATION  IN  SYNTHETIC  MEDIUMS. - In  the  previous  article, 

germination  woe  studied  in  complate  medium,  that  is  to  say  in  optimal 
conditions  that  end  in  its  evolution  at  its  maximum  speed.  This  study 

is  completed  here  by  the  analysis. of  semination  in  different  synthetic 
medium^  ana  oy  research  of  the  role  tnat  various  substratum  can  play  there, 

not  indispensable  to  growth. 

First  of  ell  we  have  followed  the  changes  of  the  optical  density  of 
a  suspension  of  spores  in  the  course  of  germination  in  synthetic  mediums 
of  various  compositions. 

In  the  minimum  medium  (containing  glucose,  L-alenine  and  tryptophane) 
the  initial  nhaBe  of  germination  manifests  itself  normally  by  a  drop  in 
the  optical  density  and  by  the  loss  of  the  spores'  rafractivity,  but  the 
active  phase  (3)  doesn't  take  placet  the  bacteria  do  not  emerge  from 
spore 1  layers  and  tha  optical  density  remains  constant  for  seven  hours 
(fig.  1).  In  the  same  medium,  containing  the  18  amino  acids  however,  the 
active  phase  goes  on  normally  and  leads  to  the  return  to  growth,  T^o 
stimulation  of  the  active  phase  by  the  18  amino  acids  is  the  same, 
whether  these  be  present,  each  at  a  concentration  of  3  or  of  50  ug/ml. 

Tho  mixture  of  9  amino  acids  (sea  METHODS)  gives  a  comparable  or  slightly 
inferior  stimulation  (fig.  la  end  b).  On  the  contrary  the  addition  of 
amino  acids  by  groups  of  3  or  of  4  allows  only  a  very  slow  germination, 
whose  speed  depends  upon  the  amino  acids  ohosen  (fig.  2).  Arginine, 
glutamic  acid  and  aspartic  acid  are  tha  exception,  howeverj  the  addition 
of  one  of  them  provokes  a  notable  stimulation  (fig.  1  b),  tho  mixture 
of  aapartate’f  glutamate  has  an  even  more  marked  effect;  finally  the 
aapartate*f  glutamate +  arginine-j»asparegine-f- glutamine  mixture  is  sometimes 
almost  as  effioaoious  as  the  mixture  of  18  amino  acids.  Woose  (23) 
described  an  important  stimulation  by  aspartate  and  glutamate;  he 
observed  however  (personal  communication)  variable  responses  with  the 
preparation  of  spores  employed.  In  conclusion,  no  4s 

. specifics ;iv  rsaulrad  Car  germinaUaB.  init  ca.ck.aiw  of  th^B,poasasaog 
owb_  oflia&fijjuc  assciftgfttisg  ^  • 
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GERMHWTICN  OF  SlCfutS.  R3GUUTIC-. 


The  evolution  of  the  optical  density  of  cultures  is  followed  in  the 
course  of  the  germination  of  spores  in  minimum  medium  without  addition 
(a— ,  b  1)  or  containing  the  following  amino  acids  i  18  amino  acids 
(a -i2~,  b  2),  9  amino  acids  (seo  I-EThOISj  £  — j) ,  glutamate  (b  j^), 
glutamete'+aspertate  glutamate,  aspartate,  arginine,  glutamine  and 

asparagine  (b  6).  During  the  ninety  first  minutes  all  of  the  curves 
come  together.  The  addition  of  aaparteto  or  of  arginine  alone  givsB  the 
same  results  as  that  of  gluteante. 


ment  sluco3°  is  ro(luired  for  tha  eccompiish- 

acids.  If  it  is  oJi**  ?  it9olf  in  the  presence  of  oil  of  tha  amino 
slowed  down-  if  it  i*  L  *?r  rop‘t:Ccd  by  oitrutat  germination  is  vary  much 
of  reterd.  'in  other  r  °plBOaa  b-'  filycerol,  it  is  done  with  a  half-hour 
tha  addition  of  four  r«!PS?t3,*  in  tha  prdSoncQ  of  glucose  end  amino  aoids, 

not  ^£5  «  Sinu™!  of  our“* "  °f  M“,“8  “°“ 


0,5i- 

<V>I 


40**^  * 


Op2L _ L _ 


5  6  h" 


2 *  7““  Afirtpin  gralpo  acids  on  nomination. 

aoidf^his  “ty^dmnhoTyC?Jteinir>e  20  UgM  0f  the  fonowi»fi  ™ino 
,A  "  *  tyr  and  Phar~X-thr,  pro,  mot  and  eye.-— O - i8U  lva 

cStaini^^V 'VJ1;hely'  S6r  and  iSoIou’  In  culture- - a , 

containing  ell  of  the  amino  acids,  glucose  was  replaced  by  sodium  citrate. 


2  HBTSROGEUEOJS  OSMttlATICN  OF  SPORES  in  ABSENCE  OF  AMINO  ACI1S. 

hlr!  hI!*  ae!?*  0ftor  e  p9ri0d  of  from  at  least  four  to  six 

J_  t  op  0Rl.  dQnaity  of  a  suspension  of  spores  beains  to  aumrnnt 
:  °r  01,11150  acid3  <fiS*  la).  la  order  to  determined  7t  is 

lf  a  sma°i  f9rminetion  reterded  ^  aU  of  the  spores,  or  also 

aa-Il  IgaC.Uflfl  of  spores  can  enter  into  the  active  phasa  in  absenoo 

suspension  of  hsst.d  spores  ves  stretcLd  Lion 

of  amino  ‘  th0  minix[,ujn  median,  with  or  without  the  addition 

ldeStiMl  on  th/f  C°rapl9X  msdiura*  Th®  number  of  colonies  (table  ?) 

°E.tha  C0“Plax  “®dium  and  on  the  minimum  medium  containing  the 

S  !  Contrary’  ten  times  weaker  than  the  minimum  medium. 

in  tL ^SHi  thr  iO06pasity  t0  garminate  without  amino  acids  is  permit 

«C  *  o8r*i“,'  fraou°n (ab,iut  10  *  °r  •*»•& « 


GERMINATION  OF  SPORES. _ REGULATION 


TABLE  I.  ...  Heterogeneous  Germination  of  spores 


'  <>* 

1 1  Origin*  dcs  sports 

j 

j  Milieu  cum  pic xi; . 

|  Milieu  ftyiith^tiquc  : 

j  corciicc  ile  carlwm1 . 

|  carcuce  cTaxoi? . 


Miui;r  pViYAU'.MKNT 


.  . . .  .  ..  .  JitAiJJQ: _ ...  i! 

Xoitthrc  ill*  colonies  , 

of. 

<».io*  5,3.10*  .  7.1'M o*  I: 


1 ,3.1  o'* 
1.3  IU,B 


l.o.lo’*  1.9.10* 

1.3. in'*  3,1.10* 


3  SYNTHESIS  OF  AIN  f  OF  ARN  AND  OF  PROTEINS  IN  THE  COURSE  OF  G£RMW. 
ATION  IN  SYNTHETIC  MEDIUM.  ...  Before  finding  out  which  is  the  biochemical 
mechanism  of  the  effect  of  amino  acids  on  germination,  the  synthesis  of 
these  macromolecules  was  followed  in  synthetic  medium,  with  or  without 
the  addition  of  18  amino  acids,  and  compared  to  that  observed  in  complete 
medium  (3),  In  the  -nreser.ee  of  amigo  acids  (fig.  3  a.  and  b),  the  kinetics 
observed  reoall  those  described  in  complex  medium;  the  synthesis  of  ARN 
begins  immediately  after  the  initial  phase  end  and  still  proceeds  here 
that  of  proteins  from  about  ten  to  twenty  minutes.  That  of  AEN  (not  repre¬ 
sented)  begins  around  one  hundred  minutes,  and  growth  becomes  exponential 
only  towards  the  one  hundred  twentieth  minute.  As  in  the  complex  medium 
(see  the  proceeding  article),  we  have  measured  the  rates  of  incorporation 
of  uracil  and  of  radio-active  valine,  added  at  different  times  of  the 
gerainetion.  The  relationship  of  rates  of  synthesis  of  ARN  to  rates  of 
synthesis  of  proteins  diminishes  at  the  beginning  of  germination,  then 
passes  by  a  minimum  before  stabilising  itself;  this  confirms  tho  displace¬ 
ment  between  the  two  syntheses* 

If  the  germination  takes  place  ia  th.9.  absence  &£  amino.  ftfilsla.,  the 
speeds  of  incorporation  of  uracil  and  of  valine  ere  first  of  all,  for 
twenty  to  forty  minutes,  the  same  as  in  the  presence  of  amino  acids,  the 
initial  setback  of  the  incorporation  of  valine  is  still  observed  here. 
Next,  theee  incorporations,  weaker  than  in  the  presence  of  amino  acids, 
remain  linear  for  more  than  three  hours  (fig.  3  *),  v&ile  the  relation¬ 
ship  of  rates  of  incorporation  of  uracil  and  of  valine  oscillates  around 
minimum  values,  measured  in  the  medium  containing  amino  acids* 

In  conclusion,  independently  of  the  presence  of  amino  acids,  the 
synthesis  of  ARN  begins,  at  a  very  weak  rate,  before  that  of  proteins, 
and  the  two  syntheses  are  eooelereted  for  about  thirty  minutes.  Next 


they  are  made, 
speed,  without 


in  absence  of  t. 
augnentetion  of 


'■i~o  cciuu,  only 
o.'ticci  density 


at  a  constantly  weak 
nor  emergence  of  bacteria* 


The  contrll^Si  A?7£:'  1:1  f=«  tSBIUM  (•shiftdovn*).  — 

in  three  hiahlv  aTftf  ani"°  ccid“  ”  the  synthesis  of  ARN  u/;s  revoalea 
course  of  tudied  situations  in  bt-.ctorio  in  growth;  either  in  the 

after  transfer  0$1*vCyvin  ac  fauI3^rcp:iic  mutant  in  its  required  acid,  or 
MnS,™  tJ?e  bacteric  from  a  medium  rich  in  amino  acids  to  a 

To  £ ^  (reviews  in  10,  18  ).  From  euch  transfers. 

aMff  w«wlli  conserve  their  2ngliah  doci3r.ationbf  shift-down  end 
HUXt-liB.  respectively,  were  carried  out  in  the  course  ofleiStion. 


cps/mn  cps/mrt  . 


Spores  in  germination  for  thirty  or  ninety  minutes  in  minimum  medium 
containing  the  17  amino  acids  are  filtrated  and  resuspended  in  the  same 
medium  vith  (0}  or  vlthcut  ( O )  the  cmi&o  acids#  The  incorporation  of 
uracil- 14c  ( - )  and  of  valine-14c  (— )  is  measured. 


If  one  transfers  bacteria,  at  30  or  at  90  min.  of  germination,  frem  a 
medium  containing  ell  of  the  amino  acids,  to  a  m'edium  that  was  deprived 
of  them  (shift-down),  one  declares,  as  with  the  bacteria  in  growth,  that 
the  synthesis  of  AM,  immediately  slowed  down,  is  ston-ned  renidlv.  while 
that  of  proteins  diminishes  only  graduelly  (fig,  4)«  The  inhibition  of 
synthesis  of  ARN  is  less  noticed  at  30  min.  than  at  90  min. 


5  EFFECT  OF  THE  ADLITI~N  OF  ATd;C  V.CIlri,  (■  shif.t-ttE.11)  «  — 

We  have  seen  that  in  the  absence  of  ar.ir.o  acids  the  gormirs ted  spores 
incorporated  uracil  at  a  week  rate,  constant  for  hours.  2h& 
a-nino  ccids.  doubles  jjrm^li?jL03x  iia  xeic.  ££  siciSfrs.sia 
This  initial  stimulation  is  carried  cut  in  less  then  a  minute,  i 
takes  place  in  the  presence  of  chloramphenicol.  Next,  the  syi"._. .  _ 
*ARN  is  rapidly  accelerated  just  as  in  the  experiments  ,here . 
goes  on  entirely  in  the  presence  of  Cairo  acids.  •  ***  sa 

acceleration  ia  not  observed  in  the  presonce  o.  chloreaphenico  . 


Pig.  5. _ Svnth.r--.is  of  JS& I  after  transfer  in  rich 

medium  (shift-up).  . . _ 

Spores  in  germination  in  minimum  medium  receive,  at  the  ®  . _ ( 

uracil-^-C  alone  (O),  with  a  mixture  of  17  endn®  8cida  to).  (  ' 

or  without  (-)  chloramphenicol. 
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experiments  indicate  tliat  t  1  the  synthesis  of  ABN  is  immediately 
stimulated  by  the  amino  acids,  even  in  tho  absence  of  proteic  syntheaes; 

2  the  initial  stimulation,  although  relatively  weak  (two  times  more), 
permits,  however,  after  the  formation  of  new  proteins,  the  acceleration 
of  all  of  the  syntheses  and  the  normal  germination  of  bacteria.  The  well~ 
known  control  of  synthesis  of  ARN  by  amino  acids  is  thus  revealed  also 
in  the  course  of  germination. 


6  GERMINATION  OP  SPORES  OBTAINED  IN  SYNTHETIC  MEDIUM. - In  the 

proceeding  experiments,  the  3poros  utilized  were  obtained  in  complex 
medium,  rich  in  acids.  Ncv,  it  is  known  that  the  composition  of 

bacteria  (in  particular  their  content  in  biosynthesis  enzymes  of  amino 
acids)  and  consequently  their  reaction  to  transfer  in  a  poor  medium,  depend 
on  their  origin;  one  thus  had  to  ask  himself  if  the  effect  observed  of 
amino  acids  on  gemination  was  independent  of  the  sporulation  medium. 
Experiments  were  repeated  with  spores  formed  in  an  exhausted  minimum  medium 
either  in  glucose,  or  in  azote.  They  showed  that  the  effect  of  amino 
8Cids  on  the  evolution  of  the  optical  density  and  the  synthesis  of  AHN  does 
not  depend  on  conditions  in  which  the  spores  ore  formed,  *he  fraction 
of  spores,  capable  of  forming  colonies . on  minimum  medium  (table  I),  is 
also  the  seme  in  the  three  lots  of  spores. 


7  ABSENCE  OP  DEVELOPMENT  IN  MINIMUM  I-SDIUM.  ...  Ve  have  just  seen 
that  in  medium  the  active  phese  of  germination  does  not  take 

place,  despite  a  weak  synthesis  of  ARN  and  of  proteins.  Although  inca¬ 
pable  of  assuring  germination,  these  syntheses  could  nevertheless  permit, 
after  the  addition  of  amino  acids,  an  ulterior  accelerated  germnstion. 
Nothing  of  the  kind  however*  if  one  follows  the  evolution  of  the  opt i 
density  (fig.  6),  or  that  of  syntheses  of  ABN  and  proteins  (fig.  7)*  one 
declares  that  even  a  preincubation  which  is  prolonged  (one  hundred  twenty 
minutes)  in  absence  of  amino  acids  does  not  accelerate  ulterior  germin¬ 
ation.  (A  weak  acceleration  after  an  incubation  of.  thirty  minutes  is 
explained  by  the  fact  that  the  initial  phase  is  accomplished,  in  a  certain 
number  of  spores,  only  during  this  incubation).  Voese  (25)  ended  in 
similar  conclusions. 


II. _  EFFECT  OF  CHLORAI-IHENICOL  CN  SYNTHESIS  OF  AHN. 

L  STUDIES  IN  COMPLEX  MEDIUM.  —  Specific  inhibitor  of  the  synthesis 
of  proteins,  chloramphenicol  allows  the  study  of  the  relations  *«tween 
synthesis  of  ABN  and  that  of  proteins.  In  this  goal,  we  have  utilized  it 

in  the  course  of  germination. 

Synthesis  of  proteins  (msesursd  hy  the  incorporation  of  ° 

in  the  fraction,  insoluble  in  TCh  et  5  »  i»  **  “  95  * 


Fi£..  £. - Effect  of  a _  retarded  addition  pf  amino 

n  02,  ^ermir-rit.  j  o-j. 

om-tf501,8!1  jiE/fi0r5?ination  iB  ainittus  sodium  one  adds  a  mixture  of  17 
ino  acids  (-13-— trial).  Addition  after  zero  (p)$  thirty  (x)  sixtv 
ninety  (0)  and  one  hundred  twenty  minutes  (~)  of  incubation.  *  * 


25000 


20000 


15000 


10000 


5  000 


fcps/mn 


WW  w  li.V  I 

Fig.  7.  — —  Effect  of  a.  retarded 


Lon  of  emino  acids  on  ARN  synthesis. 


Germination  as  in  experiment  of  figure  6.  Urecil-^C  ( _ )  or  of  valine-^C 

are  added,  at  the  same  time  as  the  amino  acids,  after  thirty  (0),  sixty 
(Q) »  ninety  (Q  and  one  hundred  twenty  minutes  (x)  of  incubation.  The 
figures  indicate  the  displacement  of  curves,  in  minutes. 

Annals  of  Pasteur  Institute.  110,  No.  1,  1966. 


by  chloramphenicol,  added  in  th--  cc  :r.  o  of  gemination.  As  for  ARM* 

.Qddad  lha  Z2XQ.  -SXS-la.,  the  chloramphenicol  allows  a  synt  e a  a  ° 
and  linear  AR>»  to  exist  (fig.  6).  V-en  it  i3  fl&aafl.  l?teS«  still 
prematurely*  a  weak  Quantity  of  AF-\  is  formod  at  the  seme  re  e  as  n 
absence  of  antibiotic,  then  the  synthesis  is  slowed  up  rusquely, 
continues  at  a  reduced  rate.  Three  parameters  of  synthesis  of  ATO.  can 
thus  bo  determined  for  each  timo  of  addition  of  chloranp  *. 

initial  linear  rat.;  2  th.  quentlty  of  ASH  “^^fSnvh  th.  ^.  of 
(measured  by  the  "fracture  level"  of  curves) ; 

Cps/mn!  ,• 


2000h 


I  OOOr 


.  ,  wv  vw  w  •  u  v 

FIG.  8. - Synthesis  st  in  pres?aqfl 


Germination  in  complex  medium.  In  the  tir.es  indicated.  uracil-^C  is 
added  alone  ( _ 0 — )  or  with  chloramphenicol 


residual  synthasia,  constant  for  .£«.!  ^12  .*5? 

the  "fracture  level"  augments  rapidly  .  .  .  th0  preaence  of  chloram- 
the  contrary  the  residual  rate,  esteb  at  ZQ*e  cycle  or  et  uiterior 

phenicol,  ia  the  same  as  the  f  chloramphenicol  is  very  late, 

cycles,  end  augments  only  if  the  addition  of  chioramp 

»  ia  pron.ni.  that  tna  .fracture 

SK — 18  of  * tM0 


The  following  experiment  is  <_  .u'-ir.*..  ch-v  bho  exhausting  of  this 
protein  in  the  presence  of  lor.. col.  *'*  culture  is  exposed  to  the 
antibiotic  betveon  60  and  $_  cf  •  r.-lr.-r.ion,  this  duration  being 

sufficient  3o  that  the  ^yr.*.  ..._i  of  .  Ii.  othr-ins  its  "fracture  level" 

(see  fig.  8).  It  is  then  f nitrites,  vashea,  resuspended  and  divided  into 
several  portions.  The  one  a.rv  a  ir.  observing  the  resumption  of  the 
synthesis  of  ARN ,  to  the  others  chlsrr  -phenicol  is  added  again  after 
vari^w*  times  of  incubation  (fig.  9).  tIo  curves  thus  obtained  recall 
those  of  figure  8;  they  shew  that  tao  capacity  of  bacteria  to  accumulate 
ARM  in  the  presence  of  chloramphenicol,  reduced  in  the  course  of  incubation 
to  thirty  minutes  with  the  antibiotic,  reappears  when  the  bacteria  are  re¬ 
suspended  in  the  new  medium,  and  augments  as  in  the  spores  at  the  beginning 
of  their  gemination* 

!  cps/mn  f 
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FIG.  9*  -  Treatment  recreated  in  chloramphenicol. 

Gemination  in  complex  medium.  At  sixty  minutes  chloramphenicol  is  added 
to  the  culture,  that  is  next  filtrated  at  ninety  minutes,  washed  and  re¬ 
suspended  in  the  same  volume  of  new  medium.  Uracil-^C  is  added  either 

alone,  irmnediately  after  filtration  ( — G - ) *  or  with  chloramphenicol, 

zero  (x),  fifteen  0) ,  thirty  (O)  and  sixty  (*f)  minutes  after  filtration 
(time  scale  begins  after  filtration). 


It  is  known  that  ARN,  accumulated  by  bacteria  in  the  presence  of 
chloramphenicol,  are  metabolically  unsteble  and  degrade  themselves,  at 
least  in  certain  conditions,  when  one  takes  away  the  antibiotic  (21). 
This  is  equally  true  during  germination;  however,  the  kinetics  of  degra¬ 
dation  are  extremely  variable  according  to  the  gemination  medium,  the 
moment  of  the  addition  of  chloramphenicol,  the  time  of  incubation  and 


ha  modiua  utilized  after  tr  :t:  *r.t.  hr.  is  given  in  figure  10  t 

spores,  saving  germinated  for  r~r.cty  in  complex  medium  are  exposed 

for  tnirty  supplementary  .  je  to  c.-.lcrs:  -.aonicol  in  the  presence  of 
uracil- -w»C;  they  ore  then  filtr:ted,  w>hcd  and  resuspended  in  three 
different  mediums  :  synthetic  :  edi-m.  containing  cmino  acids,  complex 
medium,  end  finally  complex  medium  containing  ectinomiycine,  In  the  three 
suspensions  a  greet  part  cf  radioactive  JJCl  initially  present  is  degreded 
(let  us  note  however  that  this  degradation  is  always  slower  than  that 
of  messeger  ARJ  5  ). 


cps/mn 


FIG,  10,  —  Degradation  of  ARN  formed  in 
■presence  of  chloramphenicol. 

Germination  in  complex  medium.  At  ninety  minutes,  uracil-^  and  chloram¬ 
phenicol  are  added  together  to  the  culture,  that  is  next  filtrated  at 
one  hundred  twenty  minutes,  washed  and  re-suspended  either  in  synthetic 
medium  containing  all  of  the  amino  acids  tyO,  or  in  complex  medium,  with 
(O)  or  without  (O)  actinoaycin  (time  scale  begins  after  filtration). 


2  ST'J i:.  SY..?.i_TIu  .  ~Z7C:-.. -  Tac  affect  of  chloramphenicol 

on  thu  t.irco  ponr.ctarb  of  synta'.sis  of  ATI.  vaa  also  studied  in  synthetic 
mediums.  Ir.  the  presence  c.  '-...iso  tcl~o,  the  curves  (fig.  11)  &re 
qualitatively  identical  to  t.-.taa  cbta.r..;!  ir.  complex  medium  (fig*  8).  On 
tho  contrary,  if  the  ar.ir.o  eclcs  arc  omitted,  or.o  obsorvos  e  corked  stimu¬ 
lation  of  the  initial  syr.theoas  by  chloramphenicol  (fig*  5)«  Such  a 
situation,  already  noted  in  bacteria  in  growth  (20)  is  generally  attributed 
to  tho  effoct  of  amino  acids  which  aro  accumulated  in  the  absence  of 
proteic  synthesis.  Stimulation  by  chloramphenicol  is  veaker,  besides, 
than  that  provoked  by  the  addition  of  eri.no  acids;  it  is  all  the  more  strong, 
when  the  addition  of  antibiotic  is  later,  which  suggests  that  the  capacity 
of  syntheti2ing  amino  acids,  week  at  the  beginning,  augments  during  germin¬ 
ation* 


FIG.  11. _ .  Synthesis  of  ARN  in  minimum  medium  in  presence 

Germination  in  medium  containing  sll  of  the  amino  acids*  In  the  times 
indicated,  uracil-1^  is  added  alone  ( - C — )  or  with  chloramphenicol  (■$”) 


finally  asked  ourselves  how  amino  acids,  added  to  the  minimum 
medium  at  the  same  time  as  chloramphenicol,  would  affect  the  values  of 
the  three  parameters  in  question*  The  experiment  shows  (fig*  12)  that 
they  augment  all  three* 

3  REVERSION  OF  THE  EFFECT  OF  CHLORAl-IPHEilCOI.*  — -  Vhen  chloramphen¬ 
icol  is  added  in  the  beginning  of  gemination,  it  hinders  all  visible 
manifestations  of  the  active  phase,  even  though  a  slow  but  significant 
synthesis  of  ARN  subsists.  Tho  situation  recalls  that  of  germination  in 


absence  of  amino  acids,  igair.  this  time  one  can  ask  himself  if  this 
synthesis  (or  other  reactions  being  carried  out  at  the  sane  timo  as  it) 
permits  to  accelerate,  once  the  antibiotio  is  taken  avay,  the  ulterior 
germination  of  the  spore. 

The  experiment  (fife,  lj)  shows  that  it  is  nothing  of  tho  kind  t  the 
incorporation  curves  of  uracil  and  of  valine  are  the  seme  ones  that  the 
culture  had  been  or  not  previously  treated  with  chloramphenicol.  That 
shows  us  moreover,  that  edded  at  the  beginning  of  germination,  chloramphen¬ 
icol  does  not  have  a  toxic  effect  persisting  on  the  ulterior  biosynthetic 
capacities  of  treated  bacterie. 


•presence  of  chloramphenicol. 

Uracil-^C  and  chloramphenicol  are  added  either  alone  (— ),  or  with  a 
mixture  of  17  amino  acids  f-) ,  at  thirty  (r5) ,  sixty  (K)  and  ninety  (fl ) 
minutes  of  germination  in  minimum  medium. 
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Cn  t'ae  contrary,  if  tie  antibiotic  is  a-Ced  later,  c  toxic  effect 
appears;  efter  rosuspension  ir.  fresh  ...alius:,  synthesis  of  J5N  end  of 
proteir.3  begins  again,  but  3lcvly  (fij.  I4).  This  effect  is  accantueted 
with  time ;  one  knows  besides  that  bae-;..rie  ir.  the  Vogotative  phase,  treated 
with  chloramphenicol,  pass  by  a  long  It-tant  period  before  continuing  their 
growth.  Let  U3  notice  finally  that  this  toxic  effect  affects  tho  synthesis 
of  AFL'  and  that  of  proteins  almost  in  the  srne  proportions. 


ANN*  ALES  DE  LiNSTTTL/T  PASTEL  it 


FIG*  13*  — -  Reversion  of  the  effect 
frcr.i  chloramphenicol  *  precocious 
trer-t~ar.t. 

Spores  are  incubated  in  complex  medium, 
in  presence  of  chloramphenicol,  for 
fifteen  (£>),  thirty  (x),  sixty  (□) 
or  ninety  (+)  minutes,  they  are  then 
filtrated,  veshed  and  resuapended  in 
a  complex  new  medium.  (Test  without 
chloramphenicol  :  O*)  After  filtretion, 
the  incorporation  of  urecil-^C  (a) 
and  of  valine-^C  (b)  is  measured. 
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FIG.  14. - Reversion  effect  3l  chloramphenicol  t 

tnrdv  treatment. 

Spores ,  germinated  in  complex  medium  for  either  thirty  minutes  (a)  t  or 
seventy-five  minutes  (b),  are  next  treated  with  chloramphenicol  for  thirty 
supplementary  minutes,  filtrated,  washed  and  resuspended  in  a  new  complex 
medium.  Incorporation  of  urocil-^C  (o)  and  of  valine-^C  (x)t  added 
after  filtration,  is  measured  in  the  te3t  cultures  (— )  and  the  treated 
cultures  (-— )  . 


'  DISCUSSION 


The  rate  of  synthesis  of  ARN  ar.d  proteins  varies  in  the  course  of 
germination  with  time  and  with  the  composition  of  the  medium.  The 
Question  is  raised  thus  to  know  what  the  mechanisms  can  he,  susceptible 
of  controling  the  speed  of  synthesis  of  these  macro— molecules.  Vo  will 
envisage  firat  the  role  played  by  the  amino  8cids  in  ARN  synthesis , 
next  the  effect  of  inhibition  of  proteic  syntheses  on  the  formation 
of  ABN.  Vfe  will  try  finally  to  analyze  the  relations  betveen  ABm 
syntheses  and  of  proteins  in  the  course  of  germination. 


1  EFFECT  OF  AMINO  ACIES.  —  Observations  from  numerous  authors 
nave  shovn  that  hecteria  possess,  during  the  active  phase  of  germination, 
nutritive  needs,  different  from  those  of  the  initial  phase  es  ve~ 
froa  need,  during  exponential  growth,  and  variable  adding 
Thaaa  needa  are  Boat  often  aatiafied  by  eaino  aoida  (ae«  for 
S!  ,.  4  «nd  ravieva  in  17.  14  )•  »>  iltat-atad  thi.  need  in 


obaervcd^ffoct^dooa^not^risa^fr36  ^  £3f isition  of  S-  smiUA.  The 

even  though  each  amino  fle<a  f &  reed  °f  SOffie  Particul®r  amino  acid, 

it,  probably ^eccordins  fff*?  to  ^tribute  to 

other  «ino  acidb.  ??ie  tolics  *>“Y  ^  '“llch  “  «“’“*•*  i«o 

certain  ^  k<  ^-Piies  the  spores  era  lacking  or  poor  in 

the  stimulation  bv  ee!!*?thC3<S  °f  6=11:0  scids*  Th&  differences  concerning 
anore  7  Certffn  £rnico  oci«.  according  to  the  kinds  or  the 

eSvLf  i0f  Z  C°Uld  refleCt  veria~i*aa  in  the  content  in  tLIT 

absence  "of  20  *  °f  £pores  ca^£bl®  of  geminating  in  the 

1  id  13  au“  £ac'Biingly  to  the  presence  of  spores  having 
conserved  a  greeter  quantity  of  these  enzymes.  S 


. •k~-3-  -SXf^Ct.  nL  £Sld^L,  ve  have  scon,  hears  fl jmcfiv  on  th* 

— —  •— n-th?-3^~»  without  the  intermediary  of  r.sv  proteic  synthesis.  It 
appears  thus  that  the  particular  nutritive  nseds  of  the  active  phase  of 
germination  can  be  attributed,  at  least  in  part,  to  the  control  exercised 
by  the  anino  acids  on  the  JSC J  synthesis.  The  hypothesis  generally  advanced 
to  take  into  account  the  catalytic  role  of  amino  acids  in  ARK  synthesis 
is  that  the  non-charged  soluble  ARM  would  inhibits  ARH  synthesis  (see 
reviews  in  10,  18  ).  This  regulation  by  the  eaino  acids  exists  well  in 
B.  3.  »b tills,  since  ARN  synthesis  cesses  brusquely  after  transfer  of  vege¬ 
tative  bacteria  in  a  poor  medium  (unedited  experiments);  it  was  observed 
also  during  sporulation  (3).  In  that  which  concerns  germination,  since 
spores  contain  biologically  active  soluble  ARX  (4),  one  can  expect  to 
find  there  still  the  same  control.  Too  experiments  described  in  the 
present  work  fully  confirm  this  hypothesis,  explaining  in  this  way  the 
particular  needs  of  the  active  phese  of  germination  in  emino  acids. 


It  is  surprising  to  declare  that  the  medium  in  which  the  spores  were 
formed  has  apparently  no  effect  on  their  need  of  amino  acids  during 
germination*  It  seems  thus  that  spores  do  r.ot  have  “memory *  of  the  sporu¬ 
lation  medium  end  that  their  composition  is  relatively  independent  of  it. 
However  it  i3  necessary  to  notice  that  sporulation  begins  only  after 
exhaustion  of  the  medium;  the  possibility  rc-rnins  thus  that  the  metabolism 
of  bacteria  during  sporulation  is  sensitively  identical  in  the  three  mediums* 

2  EFFECT  OF  GHXORA-'-KLd-i I C C 1 .  ihe  inhibition  of  protoic  syntheses 

by  chloramphenicol  has  two  effects  or.  ARK  synthesis.  T^e  first,  immediate, 
manifests  itself  only  in  a  medium  deprived  cf  amino  acids  :  it  concerns 
a  s.t inflation  attributed  to  the  accumulation  of  free  amino  acids  (20)* 

The  second  effect,  on  the  contrary,  is  the  gradual  inhibit V.r.  and  incomplete 
inhibition  of  ARK  synthesis.  Th®  two  effects  are  found  again  in  the 
course  of  germination  t  actually,  ve  observed  in  minimum  medium  a  stimu¬ 
lation  of  the  initial  synthesis;  on  the  other  hand,  in  the  presence  of 
chloramphenicol  the  kinetics  of  ARK  synthesis  in  the  course  of  germination 
ressembles,  in  all  of  the  studied  mediums,  that  which  Kurlend  end  Iiialoe  (13) 
described  in  bacteria  in  growth,  submitted  to  strong  concentrations  of 
chlorampheniool.  According  to  these  authors,  chloramphenicol  inhibitea 
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synthosia  of  necessary  protein  (a)  ncodod  in  tha  formation  of  ribosomes. 
Whan  this  protein,  probably  a  ribo3omcl  protoin,  ia  exhausted,  ARN  ribo- 
somal  synthesis  is  stopped,  whilo  soluble  ARN  synthosia  continues  at  ita 
normal  rate,  vihich  explains  the  existence  of  a  reBidual  synthesis. 


A  supplementary  presumption  in  favor  of  this  interpretation  was  givon 
in  a  proceeding  publication  (2),  by  the  examination  of  synthotized  ARN 
in  the  course  of  germination  in  presence  of  chloramphenicol.  If  this  one 
ia  added  at  tho  zero  cycle,  the  majority  of  the  incorporated  radioactivity 
ie  found  in  piok  4  Sj  if  it  is  added  later  on,  one  still  observes  an  ele¬ 
vated  proportion  of  radioactivity  in  this  pick,  even  though  one  finds 
some  also  in  the  ribosomal  fractions.  It  is  necessary  however  to  recall 
that  these  experiments  are  submitted  to  criticisms  previously  formulated 
(4) i  concerning  extraction  end  characterization  of  ARN. 


ThA  rate... .of.  res  1  dual  synthesis  remains  constant  in  a  given  medium, 
no  matter  what  tho  timo  of  addition  of  chloramphenicol  may  bo,  and  increases 
only  when  cellular  division  has  begun.  If  it  is  true  thus  that  residual 
synthesis  is  principally  that  of  soluble  ARN,  its  constent  rato  would 
indioete  that  the  speed  of  synthesis  of  soluble  ARN  depends  only  on  the 
quantity  of  AIN  (or  on  the  number  of  ARN  formation  sites)  present  in  the 
cells  (12), 

If  one  accepts  Kurland  and  K-aeloe's  interpretation  (13) t  the 
"fracture  level"  observed  would  be  an  indirect  measurement  of  the  quantity 
of  free  "ribosomal"  proteins,  present  in  the  cell  at  the  time  of  the 
addition  of  the  antlbiotio.  This  hypothesis  lends  uo  thus  to  admit  that 
rapid  augmentation  of  the  "fracture  level*  indicates  the  accumulation  of 
a  supposedly  ribosomal  protoin.  The  3pore  would  be  deprived  thus  of  this 
protein,  whoae  preferential  formation  and  accumulation  ir.  the  course  of 
germination  would  be  a  previous  condition  to  the  synthesis  of  ribosomes, 

Tw«  addition  of  emi no  acids  to  minimum  medium,  containing  chloram¬ 
phenicol,  increases  at  the  semo  time  the  initial  speed  of  ARN  synthesis, 
tho  "freoture  level*  and  tho  residual  rate.  Stimulation  of  initial  and 
residual  syntheses  is  in  accord  with  the  observrtions  (8,  19,  o)  that 
indicate  that  tha  control  by  amino  acids  reacts  as  well  on  riboscmal  ARN 
as  on  soluble  ARN,  T^e  increese  of  the  "fracture  level*  remains  unexplain¬ 
able,  however. 

Finally,  we  have  seen  that  the  toxic,  effect' of  chlorempbenicol, 
null  at  the  beginning  of  germinetion,  sppecreh  progress ively,  the  toxicity 
being  all  the  more  pronounced  when  tho  entibiotio  is  edded  leter  on.  As 
the  quentity  of  ARN,  syntUetlzod  in  the  presence  of  ohloremphenicol,  increases 
also  when  germinetion  progresses,  it  is  possible,  as  that  was  observed  in 
tho.SC?  mutant  of  E.  coli  (1),  that  this  ARN  is  itself  responsible  for 
the  observed  toxio  effect. 


i 
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3  THE  ROLE  OF  RIBOSOJES  AiiD  RIBCSd-iAL  PROTdES. _ ARN  synthesis 

eg  ns,  we  have  seen,  from  the  debut  of  gemination  and  becomes. exponential 
ry  quickly.  Around  80  %  of  stable  /JIN,  synthesized  during  this  period, 
is  constituted  of  ribosomal  ARM,  soon  incorporated  in  the  ribosomes  (2)* 
These  last  ones,  almost  entirely  ebsent  in  spores,  are  rapidly  synthesized 
during  germination  (27),  Synthesis  of  proteins  during  this  period  is 
retarded  about  ten  minutes  as  compered  with  that  of  ARN.  This  data  suggests 
ftn  dUfloncritl al  increase  in  number  of  ribosomes ,  whose  synthesis  would'  be 
^kue  autocate lvt  1 C  t  the  formerly  existing  ribosomes  would  intervene  in 
the  synthesis  of  new  ribosomes,  necessary  to  the  formation  of  proteins. 

The  situation  here  described  presents  e  certain  antilogy  with  that  which 
one  observes  in  bacteria  lacking  in  magnesium  j  in  this  last  case,  it 
uas  shown  that  synthesis  of  ribosomes  is  autocatalytio  (16). 


We  have  seen  elsewhere  (3)  that  aynthosis  rates  of  three  types  of 
ARN  remains  in  constant  ratio  between  thorn  during  germination,  this  ratio 
being  the  same  one  as  during  growth.  On  the  other  herd,  AH N  synthesis, 
exponential  from  the  beginning,  begins  with  an  extremely  week  rate,  even 
in  complex  medium.  One  can  thus  aak  what  is  the  fector  Which  limits  the 
synthesis  of  three  ARN  in  the  beginning  of  gemination.  All  of  the  systems, 
invoked  for  the  regulation  ARN  synthesis  in  bacteria  in  growth,  are  observed 
also  in  the  course  of  germination  i  we  have  discussed  the  control  by  the 
amino  acids,  the  role  of  a  "ribosomel*  protoin  and  the  autocatalytio 
synthesis  of  ribosomes.  In  that  which  concerns  smlra  acids,  although 
limiting  in  minimum  medium,  they  cannot  be  called  upon  to  explain  the 
evolution  of  ARN  synthesis  in  rich  mediums.  The  presumed  absence  of 
■ribosomal*  proteins  takes  into  account  quite  well  effects  exercised  by 
chloramphenicol;  on  the  contrery,  it  would  not  know  how  to  explain  the  -  -• 

limitation  of  ARN  aynthe8is  in  the  course  of  normal  germination.  In 
fact,  the  limitation  due  to  the  lack  in  these  proteins  cannot  be  of  long 
duration  since  t  1  Syntheses  of  ribosomal  and  soluble  ARN  are  between 
them  in  normal  proportions  from  the  onset  of  germination,  2  these  proteins 
ere  accumulated  rapidly.  On  the  other  hand,  the  principle  limiting 
factor  could  concern  the  capacities  of  bacteria  to  synthesize  ARN  in 
general,  for  example  the  formation  of  forerunners'  energy,  or  the  activity 
of  ARN-polymerase ,  etc.  In  this  case,  one  would  expect  the  specific 
Inhibition  of  ribosomal  ARN  synthesis  by  chloramphenicol,  at  the  debut 
of  germination,  permits,  by  compensation,  a  more  rapid  synthesis  of 
other  ARN  and  that,  consequently,  chloramphenicol  cannot  diminish  the 
total  synthesis  of  ARN  during  this  period.  However',  such  a  compensation 
was  not  observed  at  any  time;  elsewhere,  ve  have  already  pointed  out  that 
neither  the  contribution  of  energy  due  c.t  the  stopping  of  proteic  synthesis, 
nor  the  addition  of  4  bases  stimulate  ARN  synthesis.  Not  one  of  the  proceed¬ 
ing  regulation  systems  seems  able  to  explain,  to  itself  clone,  the  ensemble 
of  facte  observed. 


(1)  Ve  weren't  able  to  take  into  account  here  articles  that  appeared  on 
this  subject  in  Spores  III.  Campbell  (L.  L.)  end  Hslvorson  (H.  0.)  eds. 
1963.  Amer.  Soc.  Microbiol. 


Let  us  now  recall  that  the  two  proprieties  that  particularly  charac¬ 
terize  the  spore  are  *  the  insufficiency  of  ribosomes  and  the  absence  of 
a  “ribosomal*  protein.  Ribosomes  present  soe.v  to  determine  the  speed  of 
rs.bosorr.al  ARN  synthesis;  it  was  suggestoi  other  cases  (6,  7,  24),  that 
they  intervene  also  in  synthesis  (or  detachment)  of  messenger  ARN.  Nothing 
is  opposed  from  this  that  such  e  mechenism  plays  in  the  formation  of  all 
the  ARN  t  ribosomal,  messenger,  and  soluble.  To  explain  exponential 
synthesis  of  three  types  of  ARN,  in  constant  proportions  in  the  course  of 
germination,  we  propose  thus  the  following  models  t  1  the  limited  number 
of  ribosomes  determines  at  each  moment  the  speed  of  synthesis  of  three 
types  of  ARN,  2  the  formation  of  new  ribosomes  depends  on  previously 
existing  ribosomes  on  tha  one  hand,  on  a  “ribosomal*  protein,  preferentially 
synthesized  in  tha  course  of  germination,  on  the  other  hand.  This  model 
also  takes  into  account  several  observations  * 

a)  Tito  ten  minute  displacement  observed  between  the  kinetics  of  ARN 
synthesis  and  of  proteins  voulcmbe  explained  by  time,  necessary  to  the 
formation  of  complete  and  functional  ribosomes  beginning  with  ribosomal 
ARN  (or  its  forerunner),  to  the  attachment  of  the  messenger  ARN  end  to 
the  synthesis  of  the  polypeptidic  chain  itself.  Besides,  it  is  possible 
that  the  formation  of  complete  ribosomes  is  slower  in  the  germinated 
speraa  than  in  the  vagetetive  bacteria,  because  of  the  insufficiency  of 
■ribosomal*  proteins. 

b)  The  week  content  in  “ribosomal*  proteins  also  explains  Voese’s 
observations  (26)  concerning  the  presence  of  a  new  type  of  ribosomes  in 
the  course  of  germination.  Those  particles  rossomble,  besides,  to  incom¬ 
plete  particles  formed  in  the  presence  of  chloramphenicol  (22). 

o)  Finally,  If  the  syntheses  during  germination  depend  in  the 
first  place  on  the  formation  of  ribosomes,  itself  necessitating  the  synthesis 
of  ribosomal  proteins,  it  is  easy  to  understand  that  ARN  synthesis  in 
presence  of  chloramphenicol  does  not  contribute  at  all  to  germination. 

It  is  also  possible  that  the  absence  of  germination  in  a  medium  deprived 
of  amino  acids  ia  due  from  the  fact  that  ribosomes  do  not  form  under  these 
conditions,  fault  of  the  "ribosomal*  protein. 

Notice  finally,  that  the  study  of  germination  permits  to  determine, 
indirectly  it  is  true,  the  presence  or  the  absence  of  certain  constituents 
in  the  spore,  intervening  in  mocromoiecular  syntheses.  The  data  gathered 
in  tha  course  of  this  work  permit  to  set  up  the  following  balance  sheet* 
probable  presence  of  AEN-polymerose  er.d  enzymes  that  form  the  forerunners 
of  ABN,  but  absence  of  the  initiator  protein  from  the  ABN  synthesis; 
presence  of  ARN-polymerase,  enzymes  of  degradation  of  ARN,  soluble  ARN 
end  activation  enzymes,  absence  of  the  free  “ribosomal"  protein,  and 
finally,  absence  of  at  least  certain  synthesis  enzymes  of  amino  acids. 
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SYNTHESIS  CP  I-SACR0iMCL2CUX4S  CURING  GERMINATION 
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A  studyi of j the  regulation  of  RNA  and  protein  synthesis  during 
germination  isaa  led  to  the  following  conclusions  t 

!  A  '  Amino  acids  are  required,  even  by  e  prototrophic  strain,  in  order 
that  the  active  phase  of  germination  may  proceed  normally.  In  the  absence  ; 

of  amino  acids  a  slow  turnover  of  SKA  and  protein  takes  place  but  germin-  i 

ation  does  not  continue  beyond  the  initial  phase. 

2  The  requirement  for  emico  acids  during  germination  is  explained 
by  their  role  in  the  regulation  of  BAA  synthesis.  This  is  shown  by  both 
shift-up  end  shift-down  experjjr.er.ts.  The  amino  acid  effect  which  is 
immediate  is  observed  even  in  the  presence  of  chloramphenicol, 

3  A  detailed  kinetic  study  of  RhA  synthesis  in  the  presence  of 
chloramphenicol  suggests  the  spore  lacks  a  protein;  presumable  ribosomal 
protein  which  is  involved  in  the  synthesis  or  the  stabilisation  of  ribo- 
somal  RNA  and  which  is  synthesised  preferentially  at  the  beginning  of  ger¬ 
mination.  The  hypothesis  that  the  ribosam.es  pley  a  role  in  the  synthesis 
of  all  three  typos  of  RKA  provides  an  explanation  for  both  the  outo- 
cetalytic  rate  of  synthesis  of  these  RNAs  era  for  the  constancy  of  their 
relative  retes  of  formation. 

In  summary  the  spore  is  chsrt cterised  by  the  absence  of  messenger 
KSA,  end  by  its  small  content,  relative  to  the  vegetative  form,  of 
rlbosomel  protein,  ribosomes,  and  amine  acid  synthesising  snuymss,  i  _ ^ 
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